Mn K ␤ x-ray emission spectra provide a direct method to probe the effective spin state and charge density on the Mn atom and is used in an experimental study of a class of Mn oxides. Specifically, the Mn K ␤ line positions and detailed spectral shapes depend on the oxidation and the spin state of the Mn sites as well as the degree of d covalency/itinerancy. Theoretical calculations including atomic charge and multiplet effects, as well as crystal-field splittings and covalency effects, are used as a guide to the experimental results. Direct comparison of the ionic system MnF 2 and the covalent system MnO reveals significant changes due to the degree of covalency of Mn within atomic-type Mn K ␤ simulations. Moreover, comparisons of measurement with calculations support the assumed high spin state of Mn in all of the systems studied. The detailed shape and energy shift of the spectra for the perovskite compounds, LaMnO 3 and CaMnO 3 , are, respectively, found to be very similar to the covalent Mn 3ϩ -Mn 2 O 3 and Mn 4ϩ -MnO 2 compounds thereby supporting the identical Mn-state assignments. Comparison to the theoretical modeling emphasizes the strong covalency in these materials. Detailed Mn K ␤ x-ray emission results on the La 1Ϫx Ca x MnO 3 system can be well fit by linear superpositions of the end member spectra, consistent with a mixed-valent character for the intermediate compositions. However, an arrested Mn-valence response to the doping in the xϽ0.3 range is found. No evidence for Mn 2ϩ is observed at any x values seemingly ruling out proposals regarding Mn 3ϩ disproportionation.
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I. INTRODUCTION The association of changes in resistivity with local structure in other oxide systems, such as the high-temperature superconductors, strongly suggests the need for a systematic study of the local electronic and atomic structure in colossal magnetoresistance ͑CMR͒ systems. The class of La 1Ϫx A x MnO 3 (AϭCa, Sr, Ba, . . . ) perovskite systems is assumed to be mixed valent ͓Mn 3ϩ (d 4 ,t 2g 3 e g 1 )/ Mn 4ϩ (d 3 ,t 2g 3 e g 0 )], and exhibits many intriguing phenomena, one of which is CMR. 1 Experimentally, a direct coupling of the resistivity and bulk magnetization was found to exist. 2 It was observed by Asamitsu et al. that the application of an external magnetic field induced a structural phase transition in La 0.83 Sr 0.17 MnO 3 . 3 For doping level xϾ0.5, the AϭCa system ͑for example͒ becomes an antiferromagnetic insulator while for xϽ0.2 it becomes a ferromagnetic insulator ͑FI͒ persisting down to x near 0. 4 Below the insulator to metal transition temperature T p , in the region 0.2ϽxϽ0.5, these materials are ferromagnetic with conduction behavior characteristic of impure metals ͑FM-ferromagnetic metal͒. Above this temperature ͑which is close to the ferromagnetic ordering temperature T c ), the resistivity curve bends over and displays semiconductor transport characterized by carriers excited across a narrow band gap. It is found that the onset of ferromagnetism in the xϳ1/3 system is accompanied by a significant reduction in the resistivity 1, 5 ͑see Ref. 5 , Fig. 1͒ . In addition, the resistivity is also reduced with the application of a magnetic field. 1, 4 It has been found that replacement of 16 O by 18 O results in a crossover from the metallic to an insulating ground state in selected materials. 6 Hence, in these materials, an intimate coupling exists between the lattice and the conduction electrons' spin and charge.
As a function of doping, using divalent cations A ϭCa, Sr, Ba . . . in place of the trivalent cation La, the aver- state is known to be unstable with respect to Jahn-Teller distortions. [7] [8] [9] In local structural measurements ͓x-ray absorption spectroscopy ͑XAS͒ and neutron and x-ray scattering͔, changes in the Mn-O bond correlation or Mn-O bond distribution were found to track the onset of the ferromagnetic conducting state. 10 In Zener's original double-exchange model 11 for this system, the lattice is assumed to be rigid and ferromagnetism is induced by a spin coupling of the Mn 4ϩ nearest-neighbor sites mediated by the e g conduction electrons. Many recent experimental reports assume an ionic mixed-valence state of Mn in these materials-a central ingredient of doubleexchange theory. However, there has been no systematic exploration of the exact valence and spin state of Mn in these systems. The purpose of this paper is to explore this area from the experimental perspective.
There is much conflicting data on the valence of Mn. In thermoelectric power experiments ͑TEP͒, Hundley and Neumeier 12 find that more holelike charge carriers or alternatively fewer accessible Mn sites are present than expected for the value x. They suggest a charge disproportionation model based on the instability of Mn 3ϩ -Mn 3ϩ relative to that of a Mn 2ϩ -Mn
4ϩ
. This transformation provides excellent agreement with doping-depend trends exhibited by both TEP and resistivity. Using electron paramagnetic resonance ͑EPR͒ measurements, Oseroff et al. 13 suggest that below 600 K there are no isolated Mn atoms of valency ϩ2, ϩ3, or ϩ4. However, they argue that EPR signals are consistent with a complex magnetic entity composed of Mn 3ϩ and Mn 4ϩ ions. Park et al., 14 based on Mn 2p x-ray photoelectron spectroscopy ͑XPES͒ and O 1s absorption, support the doubleexchange theory with mixed-valence Mn 3ϩ /Mn 4ϩ ion. They were able to obtain approximate spectra of the intermediate doping XPES spectra by linearly combining the end-member spectra-consistent with a linear change of spectral features with doping. However, the significant discrepancy between the weighted spectrum and the prepared spectrum ͑for given x͒ suggests a more complex doping effect. Subias et al. 15 examined the valence state of Mn utilizing Mn K-edge x-ray absorption near edge spectra ͑XANES͒. Again, a large discrepancy is found between intermediate doping spectra and linear combinations of the end members. They suggest that Mn does not fluctuate between 3ϩ and 4ϩ ͑not ionic͒ and find a unique magnetic signature for Mn using x-ray magnetic dichroism measurements. 17 We point out that in true mixed-valence ionic systems such as Sm 1Ϫx Eu x S or SmSe 1Ϫx Sb x , clear resonance lines are seen for each distinct valance state. 18 In addition, a significant shift in the edge position with doping is found. This set of conflicting CMR data suggests the need for an in-depth exploration of the valence state of Mn in this perovskite system.
In order to clarify the nature of the valence state of Mn in these systems, we have performed systematic Mn K ␤ emission measurements. The Mn K ␤ emission spectrum provides a direct method to probe the total Mn 3d spin S and effective charge density on the Mn sites. The main line position depends both on the oxidation and the spin state of Mn. The details of the multiplet structure depend on the spin alignment ͑high spin vs low spin͒ and point group symmetry of the Mn site ͑crystal-field effects͒ to a lesser extent. [19] [20] [21] Measurements of the emission spectra have been complemented by detailed multiplet structure modeling.
19͑a͒ , 19͑b͒ Unlike absorption edge measurements, the spectra yield information ͑main line positions and detail shapes͒ of the Mn sites that is not significantly affected by the geometry of the ligands. The changes in coordination and local structure that accompany changes in valence have less of an impact on emission measurements. Consequently, this approach is well suited to address the question of the nature of the valence of Mn in the CMR system.
II. EXPERIMENTAL METHODS
Samples of La 1Ϫx Ca x MnO 3 series were synthesized and characterized as described in Ref. 16͑a͒. Samples from the same preparation sets were used in our experiments. The powder samples were prepared by methods similar to those used in other studies, for which a large body of transport and magnetic measurement exists in the literature. The CaCu 3 Mn 4 O 12 material was prepared as described in Ref.
16͑b͒. Fluorescence measurement samples were prepared by finely grinding the material and packing it onto adhesive tape.
The Mn K ␤ fluorescence measurements were performed at the National Synchrotron Light Source's ͑NSLS͒ 27 pole wiggler Beamline X21A. The experimental setup, which consists of an analyzer and detector in Rowland geometry, is described in Ref. 22 and the measurements were performed in a manner analogous to that of Refs. 19͑a͒ and 23. An incident energy ͑ប͒ of 6556 eV was selected using a fourbounce Si ͑220͒ monochromator. ͓Measurements at incident energies of 6566, 6700, and 9000 eV yielded the same trends. However, the 6556 eV spectra yielded the most narrow line shapes.͒ The incident energy was calibrated by the known Mn metal K-edge absorption inflection point ͑6539 eV͒. A spherically bent Si ͑440͒ crystal analyzer was used to resolve the energy of the emitted photons, ប⍀. A solid-state Ge fluorescence detector was used to measure the fluorescence radiation. The absolute fluorescence photon energy was calibrated from the elastic scattering peaks of the sample at the same position utilizing the known incident energy. Spectra reported here are the average of 5-7 scans. Error bars are determined by assuming a Gaussian distribution in the number of counts at each energy point.
The MnF 2 K ␤ spectrum was used as a reference to check the stability of the spectrometer during measurement. It was found that the spectrometer was quite stable and the position of the main peak in the MnF 2 spectrum was always reproducible to better than 0.1 eV. The incident energy was found never to shift by more than 0.2 eV during experiments. All data are corrected by an efficiency function that is obtained from the elastic measurement in the same energy range. The energy resolution is determined by the elastic scattering line full width at half maximum that was approximately 0.5 eV for the energy range measured.
In the emission measurements, the energy calibration of the spectrometer is sensitive to the sample positioning. Accordingly, when changing samples, the detector position was always checked by an alignment scan to confirm that the detector was correctly aligned. The x-ray absorption spectra, reported here, were measured at beam line X19A at NSLS in fluorescence mode as described in Ref. 16͑a͒.
III. COMPUTATIONAL METHODS
The computations for the Mn K ␤ fluorescence spectra are based on atomic and crystal-field theory. In this model, we take account for the effective exchange splitting as well as all possible couplings of the angular momenta ͑orbital and spin͒ of all electrons outside of closed shells or holes in filled shells. Additional energy splittings from a cubic crystal field, from 3d spin-orbit coupling and from Jahn-Teller distortion are also considered in our calculation. Similar calculation methods have been reported by Peng et al., 19͑a͒ Wang, de Groot, and Cramer, 20 and de Groot et al. 21 The parameters used in the calculation are the 3p3d and 3d3d Slater integrals, and the 3p as well as 3d spin-orbit couplings. The atomic value for Slater integrals were obtained from the Hartree-Fock method scaling them by factors of 80% and 60%. An 80% reduction is a standard scaling used to correct the overestimated values obtained from the Hartree-Fock approximation.
19͑b͒ A reduction factor of 60% was also used in this work to explore the effects of covalency. In order to make comparisons with the experimental spectra, the calculated spectral lines were convoluted with a Lorentzian that reflects lifetime broadening and with a Gaussian that accounts for experimental broadening. Absolute energy positions cannot be obtained from these calculations.
IV. RESULTS AND DISCUSSION
A. Mn K ␤ emission structure
To address the spectral shape of the Mn K ␤ emission spectra presented here, consider the photoionization excitation of a Mn atom in a solid by an x-ray photon. Since dipole photoexcitation is spin invariant, the creation of a core hole of spin-up or spin-down symmetry ͑relative to the total 3d-band spin͒ are equally likely. In the 3p˜1s decay process (K ␤ emission͒, the coupling between the 3p hole ͑or 3p electron spin now left unpaired͒ and the 3d electrons produce two possible final states of different energies. One observes ͑in Mn 3ϩ for example͒ differences in the energy of the coupled spin-down 3p hole ͓⌿"3 p(↑)3d 4 …͔ state and spin-up hole state ͓⌿"3 p(↓)3d 4 …͔. For a fixed incident photon energy ប above the Mn K-edge, the K ␤ emission spectrum of photons ប⍀ can be resolved into these two components-a main line ͑m͒ and a satellite line ͑s͒ ͓see, for example, the m and s lines in Fig. 1͑a͔͒ . Qualitatively, it is found that the energy splitting between the main line and satellite is given by ⌬E sm ϭJ(2Sϩ1) while the intensity ratio of the satellite to the main peak is given by I s /I m ϭS/(Sϩ1), where S is the total spin of the unpaired electrons in the 3d shell and J is the exchange integral. These main and satellite lines are illustrated in Fig. 1͑a͒ , where the Mn K ␤ emission spectra for elemental Mn (Mn 0 ), MnF 2 (Mn 2ϩ ionic͒, and MnO (Mn 2ϩ covalent͒ are shown. The ⌬E sm splitting dominates the m-line position in these materials. The relatively small ⌬E sm and washed out satellite of the Mn-metal spectrum reflects the 3d-itineracy reduction in the intra-atomic Mn-3d interactions. In contrast the localized atomiclike 3d states in the Mn 2ϩ ionic, MnF 2 compound yield a large ⌬E sm splitting and robust satellite structure. The covalency reduction in the ⌬E sm splitting and satellite sharpness in the covalent-Mn 2ϩ , MnO spectrum is clear when compared to the ionic-Mn 2ϩ case. As will be discussed in the modeling section, it is not just the ⌬E sm splitting and satellite sharpness that is sensitive to the Mn spin and charge state. Indeed, there are multiple satellite contributions to the spectra that also vary strongly with the Mn spin and charge state. In Fig. 1͑b͒ , the corresponding spectra for the 3ϩ, 4ϩ, and 7ϩ models are shown ͑note that all oxides are octahedrally coordinated except KMnO 4 , which is tetrahedral͒. Below we will show that we can group the oxides according to valence states.
In addition to these intra-atomic exchange couplings there is also a smaller chemical shift in the Mn K ␤ line energy due to the loss of core screening that accompanies loss of localized 3d character. Although both the initial 3p and final 1s states will shift to higher binding energy with Mn-3d screening loss, the Mn-3p shift is larger. Thus loss of local Mn-3d charge should lead to a lowering of the Mn K ␤ emission energy. Considering the multiplet structure effects that combine to yield the Mn K ␤ energy position and shape, the utility of this spectroscopy for probing the Mn-valence state in a class of oxide materials will be addressed first. In Fig. 2͑a͒ the Mn K ␤ spectra for a group of covalent Mn oxide compounds with varying formal valences are shown. A logarithmic intensity scale is used in this figure to aid in comparing the weak satellite region.
In Fig. 2͑b͒ the vicinity of the main peak for these compounds is displayed on a linear scale. Figures 2͑a͒ and 2͑b͒ emphasize that, for this rather broad group of materials, the spectra cluster into classes of curves that are determined by their valence. Specifically, the energy of main peak maximum, the spectral broadening on the highenergy side of the main line, the depth of the spectral minimum between the main and satellite line, and the sharpness of the satellite line are all quite consistent for oxides in this group with the same formal Mn valence ͓see Ref. 19͑e͔͒. Thus it is evident from Figs. 2͑a͒ and 2͑b͒ that ͑for such related oxides͒ different Mn valence states produce distinct Mn K ␤ spectra and one can thereby make a Mn valence state determination. ͑The model spectra reported here were found to be consistent with spectra on the nonperovskite related standard compounds measured by Bergmann et al.
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͒ Moreover, Mn 3ϩ and Mn 4ϩ states for the end-point perovskites, in the La 1Ϫx Ca x MnO 3 series are also supported by these results.
To emphasize the utility of this Mn K ␤ method of valence estimation, the emission spectra of LaMnO 3 , CaMnO 3 , Mn 2 O 3 , and MnO 2 ͓Fig. 3͑a͔͒ are compared with the Mn K-edge absorption spectra of the same materials ͓Fig. 3͑b͔͒. The gross shapes of the 3ϩ and 4ϩ emission spectra for the standard and CMR systems are quite similar. ͑Hence the above noted Mn is in a 3ϩ state in the LaMnO 3 and in a 4ϩ state in CaMnO 3 .) This simplicity is in contrast to the Fig. 3͑b͒ ͑see also Subias et al. 15 and Croft et al. 16͑a͒ ͒ ͑In general, the nearedge absorption spectrum is strongly affected by the local structure about the absorbing atom.͒ The near K-edge absorption edges of the binary standards manifest double step rises due to the details of the p component of the electronic structure of these compounds. Although the coincidence of the midpoints of the two-step rise of the 3ϩ and 4ϩ model absorption curves with those of the end-point perovskite compounds is sufficient to infer similar valences, the decisiveness of this conclusion is not as direct and is more compound-detail dependent than the emission conclusion.
K-edge absorption measurements shown in

C. Mn K ␤ emission for the La 1؊x Ca x MnO 3 system
In Fig. 4͑a͒ we show the emission spectra for the La 1Ϫx Ca x MnO 3 perovskites system with different Ca doping. Note the systematic shift in the main line position with increasing oxidation state. Similar systematic shifts in peak positions are found by forming linear combinations of the end members ͓Fig. 4͑b͔͒. Although qualitative trends can be seen by looking at the raw spectra, a quantitative approach was found. First, the end member spectra ͑i.e., xϭ0 and 1͒ were each fit a sum of four Voigt functions ͑to model the complex multiplet structure͒, the distribution of which were chosen both from the theoretical modeling and from the spectral shapes. ͑Fits with very small squared values were obtained.͒ The results of this fitting procedure for the end member perovskites are presented in Table I along with the results of similar fits for the other standard compounds ͑dis-cussed below͒. The fitted functional forms for the end members were then combined with the relative weights w La and w Ca ͓with w La ϩw Ca ϭ1.0͔ to model the intermediate-x spectra. The single weight parameter w Ca was then allowed to vary to give the best least-squares fit to the intermediate spectra.
The absolute intensity ratio of the end point spectra had to be fixed in this modeling. Relative end member normalizations based on the 50%, 67%, and 80% ͓i.e., assuming the end-point intensity ratio was given by x/(1Ϫx)͔ were each tried. The fitted x dependence of the w Ca weight for each of these normalizations are shown in Fig. 5 . The x dependence of this weighting can be seen to show a similar variation for all three choices of normalization.
It is interesting to note that the fitted variation of w Ca is not simply equal to x as one would expect from a purely linear variation in the Mn valence with x. Indeed, above x ϳ0.3 ͑Ca doping͒, one finds linear behavior with the expected slope while below xϳ0.3 the slope is almost flat. The x variation of the Mn K-edge XAS chemical shift and preedge feature area ͑both indicators of Mn-valence variation͒ manifest a similar two region behavior.
16͑a͒ Indeed the effective unit cell volume also shows a similar behavior. These results again raise the question of whether there is an arrested Mn-3d hole variation, for low values of Ca substitution, in this system.
D. Fits to Mn K ␤ emission spectra
The method of fitting the Mn K ␤ emission spectra to a superposion of symmetrically peaked features has been applied to the other pure compound spectra considered here. The 2ϩ Mn compound spectra were well fit by three features, as illustrated in Fig. 6͑a͒ for the case of MnF 2 . In this case, Lorentzian functions were used to fit the experiment spectra, since the peak width is mainly dependent on the 3p hole width that is much broader than the Gaussian experimental width of ϳ0.5 eV of our spectrometer. ͑Fits to Voigt function produce very similar results.͒ It is clear that there are three peaks at 6493.6, 6491.0, and 6476.6 eV. The black dots represent the experiment data with error bars, the solid line is the sum of total fit of all components, and all other lines are individual Lorentzian fitting lines. The comparison to the theoretical calculations for the Mn K ␤ emission spectrum ͓Fig. 6͑b͔͒ will be discussed in the calculations section.
The fitting parameters for all fits to all of the pure compound spectra are presented in Table I ͑Note that all of the fit parameters reported in Table I used Lorentzian line components.͒ Besides yielding the energies of the potential component features in these spectra, this fitting procedure yields the net and individual feature integrated spectral areas. The 3d-3p interactions are certainly responsible for the dramatic Mn K ␤ spectral variations seen above. However, to the first approximation, the 3p states are core states and therefore the integrated oscillator strength of the 3p-1s transitions should not vary with the Mn-3d configuration. Therefore, the integrated intensities of the fitted functions could provide the normalization factors with which the spectra discussed here could be rescaled to the constant oscillator strength approximation. Although this rescaling is not performed here, the net spectral areas are reported for this reason. The fitted function results are also reported to provide a useful method for other workers to replicate these results for comparison to results on other materials or more detailed theories.
E. Theoretical Mn K ␤ calculations
An example of the results of an atomic multiplet plus an octahedral crystal field ͑of magnitude 10Dqϭ1.5 eV) calculations for the Mn K ␤ emission spectrum for Mn 2ϩ is shown in Fig. 6͑b͒ . The decomposition of the emission spectra into spin-up and spin-down components ͑relative to the 3d moment͒ is also given. Note the very close similarity between the measured MnF 2 spectrum ͓Fig. 6͑a͔͒ and the model spectrum. A scaling factor of 80% for the Slater integrals was used. There are three peaks, the main peak, a low energy shoulder at ϳ3 eV below the main peak, and a satellite peak at ϳ17 eV below the main peak. The splittings are comparable to the fitted feature splittings for MnF 2 shown in Table  I .
As noted earlier, the comparison of the Mn, MnF 2 , and MnO results the ⌬E sm splitting is sensitive to the degree of compound covalency. In the initial model calculations, it was found that the 80% and 60% Slater integral reduction yielded results that bracketed the experimentally observed ⌬E sm splittings. Consequently, the following theoretical studies of the Mn-valence and crystalline electric-field influences on the Mn K ␤ emission spectra were carried out at these two levels of covalency reduction.
In Fig. 7͑a͒ the systematic computations of the Mn 2ϩ emission spectra, with 10Dq varying from 0 to 3 eV, show no change in spectral shape. The onset of the high-spin to low-spin transition ͑characterized by a dramatic reduction of the satellite͒, occurs at a higher crystal-field parameter with a larger scaling ͓low covalency, see Fig. 7͑a͔͒ . The spectra are consistent with MnF 2 in a high spin state as expected. In our calculations, 10Dq ͑crystal-field splitting parameter͒ was varied from 0 to ϳ3.9 eV. When 10Dq reaches 3.3 eV, the K ␤ spectrum switches to low spin from the previous high spin state and the main peak position shifts to lower in energy. The spectrum becomes stable at 3.3-3.9 eV. The 20 ͑Note that further reductions in symmetry do not significantly change the main line profile.͒ In Fig. 7͑b͒ , we show the computed spectra for a Slater scaling parameter of 60% ͑more covalent͒. Note the change in splittings and the relative intensity of the shoulder to the main line. The separation between the main peak and the satellite peak decreases when the scaling factor decreases ͑or covalency increases͒.
Figures 8͑a͒ ͑80% scaling͒ and 8͑b͒ ͑60% scaling͒ display the multiplet crystal-field calculations for Mn 3ϩ with octahedral symmetry. The onset of the high-to low-spin transition does not occur until 10Dq equals 3.0 and 2.1 in the 80% and 60% scaling models, respectively. With low covalency ͑80% scaling͒ there is a large shoulder on the high-energy side of the main peak. This is significantly reduced when covalency is increased by reducing the scaling of the Slater integrals. In fact, this shoulder is not seen in the Mn 2 O 3 spectrum. The satellite intensity is also significantly reduced with increased covalency-consistent with the observed Mn 2 O 3 spectra. Figures 9͑a͒ ͑80% scaling͒ and 9͑b͒ ͑60% scaling͒ display the multiplet crystal-field calculations for Mn 4ϩ with octahedral symmetry. There is no high spin to low spin transition with 10Dq varying from 0-3.9 eV. The main line becomes sharper with increasing 10Dq and increased covalency. The separation between the main line and the first low-energy shoulder decreases with increased covalency. In fact, in the standard spectra for MnO 2 , the shoulder is merged with the main line. Hence the oxides MnO, Mn 2 O 3 , and MnO 2 are highly covalent as expected. The variations between the emission spectra of CaMnO 3 and MnO 2 in Fig. 3͑a͒ are due to the difference in covalency between the two systems, with CaMnO 3 being somewhat less covalent.
V. SUMMARY AND CONCLUSIONS
Mn K ␤ x-ray emission spectra provide a direct method to probe the total Mn 3d spin S and effective valence on the Mn sites. The Mn K ␤ main line positions and spectral shapes depend on the oxidation state, the spin state, and the itinerancy/covalency of the Mn sites. Direct comparison of the ionic system MnF 2 and the covalent system MnO reveals significant changes due to the degree of covalency of Mn. Atomic-type Mn K ␤ simulations are consistent with these findings and support the assumed high spin state of Mn in these systems.
For a rather broad class of Mn-oxide materials the Mn K ␤ emission technique appears to provide a valid and structure insensitive indicator of the Mn-valence state. In this way, the Mn K ␤ emission method could provide a substantial improvement over the empirically useful but structure sensitive Mn K-edge XAS technique. In particular the Mn K ␤ emission results show the LaMnO 3 and CaMnO 3 to be covalent Mn 3ϩ and Mn addition, the main line to satellite ratio gives information about the spin alignment of the d levels on the Mn sites.
Regarding the La 1Ϫx Ca 12 Interestingly, while Mn K-edge XAS results evidence an average Mn-valence x variation ͑for La 1Ϫx Ca x MnO 3 ), the intermediate-x XAS spectra are far too sharp to be modeled by a superposition of the end-point spectra. 15 
